Our aim is to search the differential expression genes of genetic epilepsy and establish the groundwork of exploring the pathogenesis of epilepsy on the gene level by using cDNA array technology.
INTRODUCTION
Epilepsy is a common disorder of the nervous system which severely affects the patients' quality of life. Although much research over a long period of time has been done on the pathogenesis of epilepsy, it remains unclear in its molecular mechanism. At present, very little information is available on the pathogenesis of epilepsy on the gene level and there are no studies on the differential gene expression pattern between genetic epilepsy-prone rats and normal Wistar rats.
The cDNA array technology is a novel approach that allows us to monitor the expression of a large number of genes simultaneously, systematically, and speedily in a single hybridization with cDNA probes prepared from different RNA sources on either filter membranes or glass slides on which a wide variety of cDNA fragments or oligonucleotides is arrayed and immobilized. Using this method, cDNA clones corresponding to their mRNAs whose abundance is of the order of less than 0.01% of the total population are detectable 1, 2 .
P77PMC rat, a kind of genetic epilepsy-prone rat, was picked out from the Wistar rat strain by the department of pharmacology of Beijing Medical University in 1977, and is one of the perfect genetic epilepsy animal models to study the gene expression profiles of epilepsy 3 . In this article, we examined and contrasted the gene expression profiles of the cerebral cortex between the genetic epilepsy-prone P77PMC rats and the normal control Wistar rats by using cDNA array technology to explore the differential expression genes and present foundational work on the pathogenesis of epilepsy on the gene level.
MATERIAL AND METHODS

P77PMC rats and Wistar rats
Eight adult genetic epilepsy-prone P77PMC rats and nine normal adult Wistar rats were provided by the Department of Experimental Animals of Beijing Medical University. P77PMC rats and the normal control Wistar rats are from the same strain, and the P77PMC rats were acoustically sensitivity epilepsy prone. After being stimulated by a ring with 120 dB three times a day for 3 days, the P77PMC rats and Wistar rats' heads were removed to obtain the brain under anaesthesia, and the cortexes were separated and immediately reserved in liquefied nitrogen.
cDNA expression array
The Atlas TM rat cDNA expression array was bought from Clontech. The filters was divided into A, B, C, D, E, F domains, including ion-channels and transport, transcription factors, DNA-binding proteins, cell-cell communication, receptors, cell surface antigens, cell adhesion, effectors and intracellular transducers et al., in all 16 types totalling 588 genes cDNA arrays. The G domain is under the filters, including negative control spots, blank control spots and positive control spots containing nine housekeeping genes.
Extraction of RNA and synthesis of the 32 P-labeled cDNA probes Total RNA was extracted from the cerebral cortex of P77PMC rats and Wistar rats using TRIzol reagent (GIBCO BRL, Gaithersburg, MD, USA) using the acid guanidinium thiocyanate-phenol-chloroform method and subjected to treatment with DNase I (Boehringer Mannheim, Mannheim, Germany) 4 . The concentration and purity of total RNA was detected by an ultraviolet spectrophotometer. Using total RNA directly as a template in a PCR reaction with primers for GAPDH, to making sure no visible PCR product after 35 cycles on an agarose gel 4 . In addition, 2 µg RNA was analyzed by agarose gel electrophoresis to certify no degradation. Total RNA (2 µg) was reversetranscribed by incubation at 50 • C for 25 min in 11 µl of a reaction mixture containing 50 mM TrisHCl, pH 8.3, 75 mM KCl, 3 mM MgCl 2 , 500 µM dCTP, 500 µM dGTP, 500 µM dTTP, 5 µM dATP, 35 µCi of [α-32 P]dATP, 5 mM DTT, 50 U MMLV reverse transcriptase, and the coding sequence (CDS) primers at the final concentration of 1 X, using a commercial kit (Clontech, Palo Alto, CA, USA), according to the manufacturer's instructions. The 32 Plabeled cDNA probes were further purified by column chromatography (Clontech).
Southern blot hybridization and re-hybridization of a cDNA expression array Two identical filters containing 588 rat cDNA clones of various functional classes immobilized as duplicate dots on a positively charged nylon membrane (Atlas TM Rat cDNA expression array; Clontech) were processed for pre-hybridization at 68 • C for 30 min in the hybridization solution (Clontech). They were then hybridized at 68 • C overnight in the hybridization solution containing the purified 32 P-labeled cDNA probes (5 × 10 6 cpm ml −1 ) described above. After several washes the filter membranes were exposed to Kodak BioMax MS x-ray films with the intensifying screen at −80 • C for 36 h. The result of hybridization was repeated once, and for re-hybridization, the probes were stripped from the filter membranes by washing them in 0.5% SDS solution boiled for 10 min. They were then processed for pre-hybridization, followed by the next hybridization experiment. The results of the gene expression profiles were managed by using an Eagle Eye II Still Video System (Stratagene) to determine the integrated density (ID) of every spot. The average ID of all nine housekeeping genes in gene expression profiles is defined as 10 and used to normalize the results from both filter membranes, thus the relative ID of other gene expressions can be obtained. It was identified as the differential expression gene if the relative ID of P77PMC rat was beyond 30% compared to the normal Wistar rat 5 . Comprehensive information on each gene included in the Atlas rat cDNA expression array is available on the world wide web (http://atlas.clontech.com./).
Reverse transcription polymerase chain reaction (RT-PCR)
RT-PCR was performed to quantify gene expression levels of the cerebral cortex of the P77PMC rats and Wistar rats. The pairs of sense and antisense primers utilized were designed according to the sequence from Genebank. They were as follows: the extracellular signal-regulated kinase 2(ERK2) (5 gcgcttcagacatgagaaca3 and 5 ggcctgttggatagcatctc3 ; the size of the PCR product is 450 bp; Genbank accession no. M64300), insulin-like growth factor binding protein 1 (IGFBP-1) precursor ( 
RESULTS
The total RNA of the tissue samples
The total RNA of the tissue samples were extracted and we are convinced that there was no contamination of gDNA by PCR amplification after digestion of DNase I. The ratio of A260/A280 was 1.9 ∼ 2.0 : 1 and there was no degradation proven by electrophoresis (Fig. 1) . 
Identification of differentially expressed genes of the cerebral cortex between P77PMC rats and Wistar rats
Two identical membrane filters containing 588 arrayed rat's cDNA clones were hybridized with the 32 P-labeled cDNA probes prepared from total RNA isolated from either P77PMC rats' or Wistar rats' cerebral cortex. They were exposed to x-ray films for 48 h. Of the total 588 cDNA clones, 15 genes exhibited a differential expression pattern between the P77PMC rats' and Wistar rats' cerebral cortex, while there maybe many other differential expression genes not being discovered due to having no image analysis software (Table 1 and Figs 2 and 3) . No signals were detected in the spots of negative and blank controls, confirming specificity of the hybridization. The level of expression of 13 genes, including those encoding effectors & intracellular transducers proteins(namely: GNRP, MAPK2, PKC-zeta, GNB1), apoptosis-associated proteins (namely: TRPM2, PLP), translation protein (namely: RPL21, RPL19), cell communication factor (namely: IGFBP-1, heparinbinding growth associated protein, somatostatin, PDGF-associated protein), were elevated in P77PMC rats as compared to their levels in Wistar rats (Table 1) . In contrast, the levels of expression of two genes, including RL/IF-1 gene and dipeptidyl aminopeptidase related protein(DPP6), were decreased in the P77PMC rat (Table 1) .
RT-PCR analysis of three differentially expressed genes between P77PMC rats and Wistar rats
Since it is impractical to quantify the expression of all 15 genes described above by RT-PCR analysis, three clones were selected to confirm the results of hybridization. The results (data not shown) suggested the concordance rate of 93% and certified that the gene expression profiling established by the cDNA array was reliable.
DISCUSSION AND CONCLUSIONS
cDNA array technology was a new approach developed during the late 1990s, to monitor changes in gene expression. It overcame the shortcomings of the traditional methods, such as not being sensitive enough to monitor changes in gene expression (e.g. Northern blot analysis), only being able to profile one or several changes in gene expression at one time (e.g. RT-PCR), or the need for large numbers of sequencing profiling (e.g. SAGE), etc. The cDNA array was hypersensitive to qualitative and quantitative determination of profiling changes in gene expression, and can profile thousands of changes in the gene expression of one tissue or several tissues. The cDNA array was a productive, quick and effective new method to profile changes in the gene expression 6, 7 . cDNA array and DNA microarray or DNA chips which were developed later than the cDNA array were widely used in every field of molecular biology, and were new things full of life. The Atlas TM rat cDNA expression array was newly produced by the CLONTECH COMPANY of USA, containing 588 genes. This study used it to profile 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 A B C D E F G abcdefghijklmn abcdefghijklmn the differential expression gene of the cerebral cortex of normal Wistar rats and genetic epilepsy-prone P77PMC rats. Fifteen differential expression genes were revealed. Among them, the levels of expression of 13 genes were elevated in P77PMC rats as compared to their levels in Wistar rats (Table 1) . In contrast, the levels of expression of two genes were decreased in P77PMC rats (Table 1 ). This indicates that there were many differential expression genes in the cerebral cortex of genetic epilepsy-prone P77PMC rats and normal Wistar rats. These genes may play important roles in the occurrence and development of epilepsy.
The differential expression genes found in this study mainly included intracellular message-conduct factors in region B and intercellular message-conduct factors in region F. Referring to existing research findings, these genes mainly affect the development and differentiation of the nervous system, protect damaged neurons, conduct messages and affect the occurrence of cancers of the nervous system. Among them, IGFBP-1, a kind of extracellular protein, which had different expressions in different tissues and the highest expression in nervous system, was found by Monk and etc. to lead to the SilverRussell system (SRS) 8 ; Pleiotrophin (PTN), a member of neurotrophic factors, which could stimulate cell mitosis, highly expressed in cancers such as neurocytoma, acute brain ischemic injury, multiple sclerosis, chemical induced epilepsy 9 , etc. Somatostatin (SST) was associated with the occurrence of glioma in the nervous system; PDGF-associated protein, which could increase the intracellular concentration of Ca 2+ through inducing the motivation of intracellular Ca2 + and stimulating the extracellular Ca2 + into cells, had high expression of the P77PMC rats, which was in concordance to ion channel disorder and continuous Ca2 + intrafilling phage in epilepsy; and protein kinase C zeta type (PKC-zeta) played a vital role in the regulation of NF-κB 10 . All these differential expression genes found, except PTN, had no report to show their relationships with epilepsy, and were waiting for advanced research. But in this study, the epilepsy concerning ion channel genes (in region E), such as CACNA1, KCNQ2, KCNQ3, were too lowly expressed to compare their differential expressions and to confer their possible differential expressions in differential tissues. This needs further more advanced research to prove. In addition, there may have been more differential expression genes to discover if the differential expression profiles were analyzed by AtlasImage TM 1.0 software.
The cDNA array has developed rapidly since its emergence, and has been widely used in the detection of gene expression level, gene clone, detection of gene mutation and polymorphism, DNA sequencing, drug selection, research on growth development, etc. 7, 11 . This study proved the cDNA array is very effective at selecting differential expression genes of epilepsy in large scales. These differential expression genes made a solid base for the following research on the pathogenesis of epilepsy and epilepsy concerning genes.
